Introduction
The corpora lutea (CL) of most mammals receive a high rate of blood flow but, despite numerous investigations, the biological significance of this high rate of flow remains unknown. Several studies have suggested that a change in the rate of blood flow precedes and perhaps initiates a change in the rate of progesterone secretion (Romanoff, Deshpande & Pincus, 1962; Niswender, Reimers, Diekman & Nett, 1976) . In others, however, changes in progesterone secretion or in plasma concentrations of progesterone have preceded any change in blood flow (McCracken, Glew & Scaramuzzi, 1970; Bruce & Hillier, 1974; Janson, Albrecht & Ahrén, 1975; Pang & Behrman, 1979; Damber et ai, 1981) . In the rat, the corpora lutea of pregnancy go through a major growth phase over Days 10-16 gestation (Meyer & Bruce, 1979 ). This phase is accompanied by an increase in the rate of progesterone secretion and is followed by a rapid decline in secretion near term (Uchida, Kadowaki, Nomura, Miyata & Miyake, 1970) . The present work was carried out to determine whether the rate and distribution of ovarian blood flow during pregnancy was related to the patterns of growth and hormone secretion by the CL. In addition, data were collected on growth and blood flow to the CL of previous cycles. The CL of normal cycles have been well characterized (Neill & Smith, 1974) but their fate and functional significance during subsequent pregnancy have 21:00h). Food and water were freely available. The 39 rats were mated during darkness and the morning on which spermatozoa were found in a vaginal smear was called Day 1 of gestation. Rats from this colony normally litter on the morning of Day 23.
Blood flows were measured with radioactive microspheres. The procedures used were similar to those described previously (Bruce, 1976) . The rats were examined on Days 4, 7, 10, 13, 16 or 22 of gestation. Each rat was anaesthetized with an i.p. injection of 40 mg pentobarbitone sodium/kg and a trachéal tube was inserted to assist breathing. Cannulae (0-5 mm o.d., 0-3 mm i.d.) were inserted into the left and right femoral arteries, and the left ventricle via the right common carotid artery. The cannula in the left femoral artery was used to monitor arterial pressure and pulse rate, and the cannula in the right femoral artery was used to take a reference sample of blood during injection of microspheres. Surgery took 30-45 min then the rat was allowed to stabilize for about 15 min. The reference sample of blood was then withdrawn at a rate of 0-4 ml/min. After 10 sec, the microspheres (75 000-150 000 in a volume of 0-2-0-3 ml) were steadily injected over a period of 20 sec into the left ventricle. Blood withdrawal was continued throughout the injection of microspheres and for a further 30 sec. The rat was killed with an overdose of pentobarbitone sodium and its organs were dissected out, weighed and measured for radioactivity. Cardiac output was calculated by multiplying the radioactivity of the total dose of microspheres injected by the rate of blood with¬ drawal in the reference sample and dividing by the radioactivity of the reference sample. Organ blood flow was calculated similarly by substituting organ radioactivity for radioactivity of the injection dose.
The major change from the procedure adopted previously (Bruce, 1976) was that 'TS' microspheres (Pharmacia, Tracer Sephadex; 15 µ diameter and labelled with 46Sc) were used rather than '3M' microspheres (Minnesota Mining and Manufacturing Co. ; 25 µ diameter and labelled with 46Sc). The TS microspheres were radioactively labelled in the laboratory and were validated along the lines previously described (Bruce & Abdul-Karim, 1973; Bruce, 1976 10% formol-saline as soon as it was taken from the rat. This hardened the tissues, made them easier to dissect and prevented them from drying out. Further dissection was carried out the same day with the help of a dissection microscope, at about 10 magnification. The tissues were still immersed in formol-saline and were kept in a watch glass. The oviduct, ovarian bursa and fat were removed, the ovary was quickly weighed and returned to the watch glass. The CL of pregnancy (large CL) were dissected free with sharpened jewellers forceps. As many as possible of the CL of previous cycles (small CL) were dissected free also. The three subdivisions of the ovary (large CL, small CL, and the remaining stroma which included the follicles) were each rolled along a plastic surface to remove excess fluid and weighed to the nearest 0-01 mg. They were then placed in counting vials and their radioactivity measured. The radioactivity of the fluid remaining in the watch glass was also measured. This never exceeded 5% of the stromal radioactivity but was added to it since it was assumed to be due to microspheres dislodged during the dissection procedure. For the final calculation and presentation of the results the weight and blood flow values for the small CL were added to the stromal tissue values to conform with earlier reports.
Histological sections of small and large CL were prepared from one rat on each of Days 10, 16 and 22 of gestation. The rat was anaesthetized with pentobarbitone sodium and one ovary was exposed through a ventral midline incision. Ligatures were quickly tied around the ovarian pedicle, so as to maintain blood vessels in a dilated state (Dharmarajan, Meyer & Bruce, 1983 ) and the ovary was excised and immersed in a 2-5% glutaraldehyde solution for 6 h. The ovary was then dissected into small and large CL and these were processed, sectioned for light microscopy and stained as described previously (Meyer & Bruce, 1979) .
Variation in results between groups of rats was tested by one-way analysis of variance and, when the F test was significant, differences between any two groups were tested by the least significant difference statistic (Snedecor & Cochran, 1967) .
Results

General
Maternal weight at mating did not differ significantly between the 6 groups (217 + 4 g ; mean +
s.e.m. ; = 39). The weight gained between mating and the time of examination on Days 4, 7,10, 13,16and22,respectively,was 1-4+ 1-3,9-2 ± 2-1,17-3 ± 1-8,30-3 ± 2-1,37-1 + l-8andl02-8 + 6-6 g (F test significant, < 001 ; L.S.D., < 0-05 for 9-0 g, < 0-01 for 12-1 g). Cardiac output increased in parallel with maternal weight, the values on Days 4, 7,10,13, 16 and 22, respectively, being 29-8 + 2-4, 32-3 + 3-0, 41-1 + 3-7, 45-1 ± 5-0, 46-8 + 4-1 and 50-9 ± 5-1 ml/min (F test significant, < 0-01 ; L.S.D., < 0-05 for 11-7 ml/min, < 0-01 for 15-8 ml/min). There were no significant changes during gestation in pulse rate (378 + 12-6 + 0-5 13-3 + 0-7 12-5 + 0-6 14-2+1-6 13-6 + 0-7 13-9 + 0-8
Weight ( (Wiest, Kidwell & Balogh, 1968) . In the rabbit, sheep and goat, the total steroid hormone secretion is reduced substantially as determined directly by venous outflow technique or indirectly by measuring hormone concentrations in the peripheral plasma (Thorburn & Mattner, 1971 ; Thorburn & Schneider, 1972; Hilliard, 1973) . These functional changes generally precede or accompany structural degeneration of luteal tissue which can include subtle changes in luteal cells at the ultrastructural level (Deane, Hay, Moor, Rowson & Short, 1966; O'Shea, Cran & Hay, 1979) or more gross changes including luteal and endothelial cell breakdown and invasion by macrophages . For the present discussion luteal regression is taken to mean any evidence of an irreversible reduction in progesterone secretion, and luteolysis to mean any degenerative structural change in the luteal cells or their blood vessels.
In the rat CL regression at the end of pseudopregnancy, is not preceded by any change in ovarian or CL blood flow (Pang & Behrman, 1979) . Although earlier reports suggested that prostaglandin-induced CL regression resulted from reduced blood flow (Pharriss, 1970 ) more recent work, in which the time course of events was followed more closely (Pang & Behrman, 1981) , this was not found to be so. Regression of the CL of pregnancy in the rat has received little attention although we have reported that total ovarian blood flow on Day 22, when progesterone secretion has fallen to low levels, is still very high (Bruce, 1976) . The present results support this finding and show that total ovarian blood flow increased 35% over Days [16] [17] [18] [19] [20] [21] [22] . The results also discount any possibility that a redistribution of ovarian blood flow away from the CL initiates regression; blood flow per unit weight of CL increased by 37% over the same period. Similarly, there was no evidence, at least at the light microscope level, of vascular degeneration or debris accumulation in or outside the capillaries of the CL that might interfere with the normal transport processes between the blood and the luteal cell, as has been reported to occur in the guinea-pig (Hossain & O'Shea, 1977) at the time of regression of the cyclic CL.
The pattern of regression of the CL of pregnancy in the rat contrasts greatly with that in the rabbit. In the rat over Days 16 and 22 plasma progesterone concentrations decline rapidly (Uchida eta!., 1970) , the weight of the CL remains relatively constant and the rate of blood flow to the CL is increased by around 37%. In the rabbit, the decline in progesterone concentrations appears more gradual over Days 20 to 28 (Mikhail, Noall & Allen, 1961; Hilliard, Spies & Sawyer, 1968) . Furthermore, this decline is almost paralleled by a decline in CL weight and blood flow (AbdulKarim & Bruce, 1973) . Whether the decline in blood flow precedes CL regression, or luteolysis, has not been determined with sufficient precision. However, Bruce & Hillier (1974) have reported that, at least in prostaglandin-induced regression, CL blood flow is maintained until after progesterone concentrations have started to decline. Whatever the cause of CL regression in the pregnant rabbit, it is clear that the whole process of regression and luteolysis is different from that in the rat and generalizations of the possible role of reduced blood flow in these events are unfounded.
Little has been published on the fate of CL of previous cycles during pregnancy. It is assumed generally that they degenerate and cease to have any functional role early in pregnancy. Pang & Behrman (1979) noted their existence, however, and suggested that they may have contributed to their estimates of blood flows and weights of the CL of pregnancy. It was assumed here that the small CL were indeed the CL of cycles preceding pregnancy. They fell into a distinct weight category, the heaviest small CL was less than half the weight of the lightest large CL; they were more deeply embedded in stromal tissue; and the close correlation between the number of implantation sites and large CL suggested that the small CL had no role in the production of oocytes for that pregnancy. We suspect that most of the small CL examined were derived from the immediately preceding cycle, the number that we could dissect out confidently never exceeded the number of ovulations expected in any one cycle. As (Neill & Smith, 1974) and we had assumed that this was due to luteolysis. Now, however, it seems that a fertile mating rescues the CL after about 4 days so that they are maintained and induced to grow well into the second half of pregnancy, longer than the functional time span achieved by the CL of pseudopregnancy (Fajer & Barraclough, 1967; Hashimoto, Henricks, Anderson & Melampy, 1968) . Furthermore their blood flow is maintained for a substantially longer period than is that to CL of pseudopregnancy (Pang & Behrman, 1979) . Their potential size, however, is reduced in that they only reach about a third of maximum weight of the large CL. They also behave differently in that they they diminish in size over the last 6 days of pregnancy whereas the weight of the large CL remains relatively constant over this period. We are unaware of any previous description of the small CL of pregnancy in rats. In this study at the light microscope level, the small CL bore a close resemblance to the large CL. They were richly vascularized with large, sinusoidal-like capillaries. The luteal cell had a near spherical nucleus, often with a prominent nucleolus. The cytoplasm had numerous lipid droplets and small electron-dense bodies which, on a preliminary electron microscopic examination, were found to be mitochondria. By these criteria, the small CL fit the description of classic steroid hormonesecreting tissue (Enders, 1962; Long, 1973 From the blood flow, growth and histological observations of the present study we could not identify any clear change preceding the reported decline in ovarian progesterone secretion near term. At least in the pregnant rat, the latter decline is likely to have a more subtle, enzymic cause.
